Two strains (JA492 T and JA590) of spiral-shaped, anaerobic, Gram-stain-negative, motile, purple non-sulfur bacteria were isolated from aquatic sediments from a bird sanctuary and a stream, respectively, and were characterized by a polyphasic taxonomic approach. Bacteriochlorophyll a and carotenoids (rhodopin, lycopene, hydroxylycopene glucoside and dihydroxylycopene diglucoside) were present as photosynthetic pigments. Intracellular photosynthetic membranes were of the stacked type. The major fatty acids were C 18 : 1 v7c, 
At the time of writing, the genus Phaeospirillum comprised four species with validly published names: Phaeospirillum fulvum, Phaeospirillum molischianum (Imhoff et al., 1998a; Imhoff, 2005a, b) , Phaeospirillum chandramohanii (Anil Kumar et al., 2009) and Phaeospirillum oryzae (Lakshmi et al., 2011a) . In this communication, we propose a novel species of the genus Phaeospirillum.
Strain JA492
T was isolated from an aquatic sediment sample collected from Nelapattu Bird Sanctuary, Andhra Pradesh, India, on 25th December 2008 (GPS position: 13 u 469 N 79 u 589 E). Strain JA590 was isolated from a water/mud sample collected from a stream in the town of Rottikadai near the Anaimalai hills in Western Ghats, Tamil Nadu, India (GPS position: 10 u 359 N 76 u 979 E) on 28th June 2009. Strains JA492 T and JA590 were recovered from the enrichment of water/mud samples in photoheterotrophic medium (Lakshmi et al., 2011b; pH 7.0) incubated at 2400 lx, 28-30 uC for 7 days in 50 ml fully filled screwcapped bottles. Basal medium with sodium pyruvate (22 mM), yeast extract (0.15 %, w/v), Casamino acids (0.15 %, w/v) and ammonium chloride (7 mM) was used for growth of the strains which were purified on agar slants as described previously (Lakshmi et al., 2011a, b) . Cells were examined under phase-contrast microscopy (Olympus BH-2). Flagella position and the internal membrane structures were viewed with a transmission electron microscope (H-7500; Hitachi) after cells had been processed as described by Hanada et al. (2002) . In vivo absorption spectra were measured with a Spectronic Genesys 2 spectrophotometer using sucrose solution to suspend the cells (Trüper & Pfennig, 1981) . For pigment analysis, 1 l of 48 h grown culture was harvested by centrifugation (16 000 r.p.m. for 10 min). The supernatant was discarded and the pellet was washed twice with 0.1 % NaCl solution and lyophilized. Pigments were extracted with methanol/acetone (7 : 2, v/v) from the lyophilized cells. Carotenoid composition was analysed by using HPLC [solvent system acetonitrile/methanol/ethyl acetate (50 : 40 : 10, by vol.); flow rate 1 ml min
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; luna 5 mm, C18, 25064.6 mm phenomenex column; photo diode array detector (400-800 nm); monitored at wavelengths of 450, 500 and 550 nm]. Cellular fatty acids were methylated, separated and identified according to instructions for the Microbial Identification System (Microbial ID; MIDI 6.0 version) [Sasser (1990) ; http://www.midi-inc.com/] which was outsourced through Royal Research Laboratories, Secunderabad, India. Cells of all strains of the genus Phaeospirillum studied were grown photoheterotrophically on pyruvate (25 mM) and ammonium chloride (7 mM) broth at 37 u C and harvested by centrifugation (10 0006g for 15 min at 4 u C) on reaching cell density of 70 % of the maximum optical density; the lyophilized pellet was used for fatty acid analysis. Quinones were extracted with chloroform/methanol (2 : 1, v/v), purified by TLC and analysed by HPLC (Imhoff, 1984; Hiraishi & Hoshino, 1984) .
Genomic DNA was extracted and purified according to the method of Marmur (1961) and the G+C content of the DNA was determined by HPLC (Mesbah et al., 1989) . The taxonomic relationship between various members of the genus Phaeospirillum was examined using DNA-DNA hybridization, which was determined using a membrane filter technique (Tourova & Antonov, 1988 ) using a nick translation kit supplied by BRIT, Jonaki, CCMB campus, Hyderabad, India. Hybridization was performed with three replications for each sample (as a control, strains used for binding and labelling were reversed). [a-32 P]dCTP was used for labelling the probe. The DNA immobilized on the blots (nylon membranes) were probed with labelled DNA and then exposed to a phosphor imaging screen (Amersham Biosciences). The phosphor imaging screen was scanned and quantified using a TYPHOON (3480) variable mode imager. The degree of hybridization was calculated as follows: hybridization (%)5(count obtained from heterologous hybridization/count obtained from homologous hybridization)6100.
Cell material for 16S rRNA gene sequencing was taken from a colony. DNA was extracted and purified by using a Qiagen genomic DNA extraction kit. Recombinant Taq polymerase (Genei) was used for PCR. The near complete length (1305-1450 bp) of the 16S rRNA gene sequence was obtained by amplification and sequencing with four primers, F9-27 (59-GTTTGATCCTGGCTCAG-39), F9-372 (59-TACGGGAGG-CAGCAG-39), F9-790 (59-GGTTACCTTGTTACGACT-39) and R9-1489 (59-TACCTTGTTACGACTTCA-39) [positions 11-27 and 1489-1506 for F9-27 and R9-1489, respectively, according to the Escherichia coli 16S rRNA numbering system of the International Union of Biochemistry (Brosius et al., 1978; Lane et al., 1985) ]. PCR amplification was done as described previously (Imhoff & Pfennig, 2001; Imhoff et al., 1998b) and 16S rRNA gene sequences were obtained (without gene cloning) by cycle sequencing with a SequiTherm sequencing kit (Biozym) and chain termination reaction (Sanger et al., 1977) using an automated laser fluorescence sequencer (Pharmacia). The identification of close relatives and calculation of pairwise 16S rRNA gene sequence similarities were achieved using the NCBI-BLAST search (Altschul et al., 1990) and EzTaxon server (Chun et al., 2007) . The CLUSTAL W algorithm of MEGA4 was used for sequence alignments and MEGA4 (Tamura et al., 2007) software was used for phylogenetic analysis of the individual sequences. Distances were calculated by using the Jukes and Cantor correction in a pair-wise deletion manner (Tamura et al., 2007) . Neighbour-joining (NJ) and minimum evolution (ME) methods in the MEGA4 software were used to construct phylogenetic trees. Support values (%) were obtained using a bootstrap procedure. Additionally, 16S rRNA gene sequences of representative type strains were aligned using the program CLUSTAL_X (Thompson et al., 1997) (multiple alignment option). Alignment was checked manually using BioEdit software (Hall, 1999) and the file was saved in PHYLIP format. For phylogenetic inference, the PhyML online version (Guindon et al., 2005) was used. The T is considered as 100 % while strain JA590 has 99.6 % sequence similarity with the type strain.
dm, Growth under micro-oxic conditions. §t, Trace amounts (,0.5 %).
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maximum-likelihood (ML) tree was calculated using the GTR model (Lanave et al., 1984) , based on hill climbing principle and estimated proportion of invariable sites as well as the gamma distribution parameter. Parameters in the PhyML program were as follows: input sequences are interleaved, with 100 non-parametric bootstrap analysis, GTR model of nucleotide substitution, four substitution rate categories, fixed Gamma distribution parameter (alpha 52.00).
Cells of strain JA492
T and JA590 are spiral-shaped, 2.0-6.0 mm long and 0.5-0.8 mm wide (Fig. S1 , available in IJSEM Online), motile by means of polar flagella (Fig. S2 , available in IJSEM Online) and multiplied by binary fission. Transmission electron microphotographs of ultrathin sections of the strain revealed a stacked type of internal membrane structures (Fig. S3, T did not grow on malate, whereas strain JA590 showed weak growth. Glycerol was not utilized for growth by strain JA492 T , whereas strain JA590 grew well. Both strains utilized ammonium chloride as a nitrogen source. Neither of the strains required a growth factor or salt (NaCl), but both strains tolerated up to 1 % (w/v) NaCl. The pH range for growth was 5.0-9.0 (optimum 6.0-6.5). The temperature optimum was 30 uC (range 25-35 uC).
The colour of the photosynthetically grown cell suspension was brown. In both strains, the in vivo absorption spectrum of intact cells in sucrose exhibited maxima at 377, 464, 491, 527, 590, 803 and 854 nm (Fig. S4a) , indicating the presence of bacteriochlorophyll a, and the absorption spectrum for pigments extracted with acetone gave maxima at 445, 472, and 505 (Fig. S4b) , suggesting the presence of rhodopin and its derivatives (Takaichi & Shimada, 1992) . Carotenoid composition of both the strains as assessed by HPLC showed rhodopin (66-69 %), lycopene (7-10 %), hydroxylycopene glucoside (21-22 %) and dihydroxylycopene diglucoside (2-3 %). Whole-cell fatty acid analysis revealed that C 18 : 1 v7c, C 16 : 0 and summed feature 3 (C 16 : 1 v6c and/or C 16 : 1 v7c) were predominant in both strains. Minor proportions of C 12 : 0 , C 14 : 0 , C 14 : 0 3-OH, C 15 : 0 2-OH, C 16 : 0 3-OH, and C 18 : 0 were also detected (Table 1) . Both strains contained ubiquinones and menaquinones as primary quinone components; rhodoquinones were absent. The ubiquinone composition of the strains was Q-8 (10-16 %), Q-9 (78-86 %), Q-10 (3-4 %), whereas the menaquinone composition was MK-8 (8-15 %), MK-9 (82-89 %), MK-10 (3 %); the ratio of Q : MK was about 7 : 3.
The DNA G+C contents of strains JA492
T and JA590 were 63.8 and 61.5 mol%, respectively (determined by HPLC). The phylogenetic relationship of strains JA492
T and JA590 with other purple non-sulfur bacteria was examined by means of 16S rRNA gene sequencing. Data revealed that the novel isolates clustered with type strains of species of the genus Phaeospirillum and were distinct from other genera of purple non-sulfur bacteria. The genotypic association of the novel isolates to the genus Phaeospirillum is also supported by the presence of carotenoid glycosides, an important chemotaxonomic character which distinguishes these members from other genera of the family Rhodospirillaceae (Lakshmi et al., 2011a; Takaichi et al., 2011) . The highest sequence similarities for both the isolates were found with P. oryzae JA317 T (97.2-97.4 %), P. molischianum DSM 120 T (96.5-96.7 %), P. fulvum DSM 113 T (96.7-96.9 %) and P. chandramohanii JA145 T (96.5-96.7 %). The NJ tree is shown in Fig. 1 ; the other trees [ME and ML, Fig. S5a , b, available in IJSEM Online] had a similar topology. At the whole-genome level, as determined by DNA-DNA hybridization, levels of DNA-DNA relatedness between radioactively labelled strain JA492 T and P. chandramohanii JA145 T , P. oryzae JA317 T , P. fulvum DSM 113 T and P. molischianum DSM 120 T were 38.0±6.0, 39.5±4.2, 10.0±2.0 and 14.6±1.6 %, respectively. However, when P. chandramohanii JA145 T , P. oryzae JA317 T , P. fulvum DSM 113
T and P. molischianum DSM 120 T were labelled and used for DNA-DNA hybridization with JA492 T in the reciprocal reaction, the similarities were 35.6±4.8, 35.3±5.6, 12.0±2.0 and 10.2±0.8 %, respectively. The DNA-DNA hybridization value between strains JA492 T and JA590 was 71.0±3.3 %. Apart from 16S rRNA gene sequence dissimilarity and DNA-DNA relatedness, strain JA492
T also showed clear phenotypic differences compared with other species of the genus Phaeospirillum, i.e. it differed from P. fulvum DSM 113 T in growth factor requirement, benzoate utilization and presence of dihydroxylycopene diglucoside, from P. oryzae JA317 T in organic substrate utilization, spheroplast formation and presence of dihydroxylycopene diglucoside, and from P. molischianum DSM 120 T in dark aerobic growth and organic substrate utilization (Table 1 ). These differences justify the placement of strains JA492
T and JA590 in the genus Phaeospirillum as representatives of a novel species, Phaeospirillum tilakii sp. nov.
Description of Phaeospirillum tilakii sp. nov.
Phaeospirillum tilakii (ti.la9ki.i. N.L. gen. masc. n. tilakii of Tilak, named after Dr K. V. B. R. Tilak, an eminent microbiologist in India).
Cells are spiral-shaped, 2.0-6.0 mm long and 0.5-0.8 mm wide, often forming long chains of spirals, motile by means of polar flagella and multiply by binary fission. Growth occurs under anaerobic conditions in the light (photoorganotrophy). Internal photosynthetic membranes are of a stacked type. Colour of phototrophic cultures is brown. Photosynthetic pigments are bacteriochlorophyll a and carotenoids of lycopene, rhodopin, hydroxylycopene glucoside and dihydroxylycopene diglucoside. Optimum growth occurs at pH 6.0-6.5 (range pH 5.0-9.0) and 30 u C (range 25-35 u C). NaCl is not required for growth. Photoheterotrophy with a few organic compounds is the preferred mode of growth. Growth occurs on propionate, butyrate, valerate, caproate, caprylate, lactate, pyruvate and crotonate. Malate, formate, acetate, citrate, fumarate, tartrate, glycolate, gluconate, succinate, 2-oxoglutarate, benzoate, glucose, fructose, sucrose, mannitol, sorbitol, aspartate, glutamate, pelargonate, methanol, ethanol, arginine, peptone, Casamino acids and yeast extract do not support growth. Photolithoautotrophy, chemolithoautotrophy, chemoorganoheterotrophy and fermentative growth are not observed. There is no growth factor requirement. C 18 : 1 v7c, C 16 : 0 and C 16 : 1 v6c and/or C 16 : 1 v7c are the dominant fatty acids; minor amounts of C 12 : 0 , C 14 : 0 , C 14 : 0 3-OH, C 15 : 0 2-OH, C 16 : 0 3-OH and C 18 : 0 are also found. Major quinones are Q-9 and MK-9. Natural habitats are aquatic sediments.
The type strain is JA492 T (5NBRC 107650 T 5KCTC 15012 T ), isolated from a water/mud sample from Nelapattu Bird Sanctuary, Andhra Pradesh, India. The DNA G+C content of the type strain is 63.8 mol% (by HPLC). An additional strain (JA590) was isolated from a water/mud sample collected from a stream in the town of Rottikadai near the Anaimalai hills in Western Ghats, Tamil Nadu, India; the DNA G+C content of this strain is 61.5 mol% and it is very similar to strain JA492 T except that it exhibits weak growth on malate and good growth on glycerol as sole source of carbon. T and JA590 with close relatives of the family Rhodospirillaceae. The tree was constructed by the NJ method using the software MEGA4 and rooted by using the sequence of Rhodobacter sphaeroides ATH 2.4.1 T as the outgroup. Numbers at nodes represent bootstrap values (based on 100 resamplings). The GenBank accession numbers for 16S rRNA gene sequences are shown in parentheses. Bar, 1 nt substitution per 100 nt.
